Fission yeast homolog of neuronal calcium sensor-1 (Ncs1p) regulates sporulation and confers calcium tolerance.
The neuronal calcium sensor (NCS) proteins (e.g. recoverin, neurocalcins, and frequenin) are expressed at highest levels in excitable cells, and some of them regulate desensitization of G protein-coupled receptors. Here we present NMR analysis and genetic functional studies of an NCS homolog in fission yeast (Ncs1p). Ncs1p binds three Ca2+ ions at saturation with an apparent affinity of 2 microm and Hill coefficient of 1.9. Analysis of NMR and fluorescence spectra of Ncs1p revealed significant Ca2+-induced protein conformational changes indicative of a Ca2+-myristoyl switch. The amino-terminal myristoyl group is sequestered inside a hydrophobic cavity of the Ca2+-free protein and becomes solvent-exposed in the Ca2+-bound protein. Subcellular fractionation experiments showed that myristoylation and Ca2+ binding by Ncs1p are essential for its translocation from cytoplasm to membranes. The ncs1 deletion mutant (ncs1Delta) showed two distinct phenotypes: nutrition-insensitive sexual development and a growth defect at high levels of extracellular Ca2+ (0.1 m CaCl(2)). Analysis of Ncs1p mutants lacking myristoylation (Ncs1p(G2A)) or deficient in Ca2+ binding (Ncs1p(E84Q/E120Q/E168Q)) revealed that Ca2+ binding was essential for both phenotypes, while myristoylation was less critical. Exogenous cAMP, a key regulator for sexual development, suppressed conjugation and sporulation of ncs1Delta, suggesting involvement of Ncs1p in the adenylate cyclase pathway turned on by the glucose-sensing G protein-coupled receptor Git3p. Starvation-independent sexual development of ncs1Delta was also complemented by retinal recoverin, which controls Ca2+-regulated desensitization of rhodopsin. In contrast, the Ca2+-intolerance of ncs1Delta was not affected by cAMP or recoverin, suggesting that the two ncs1Delta phenotypes are mechanistically independent. We propose that Schizosaccharomyces pombe Ncs1p negatively regulates sporulation perhaps by controlling Ca2+-dependent desensitization of Git3p.